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(54) Sterile emulsion containing hyaluronate and glucocorticoid, and use of such emulsion in the 
treatment of inflammatory joint disorders

(57) The invention relates to a sterile emulsion com-
prising 80-99.9 wt.% of a continuous aqueous phase and
0.01-20 wt.% of a dispersed lipid phase, wherein the
emulsion contains 0.1-10% of hyaluronate by weight of
said aqueous phase; and 0.01-50% of a lipophilic gluco-
corticoid by weight of said lipid phase.

This emulsion can suitably be administered intra-ar-

ticularly to patients suffering from an inflammatory joint
disorder to maintain mobility of the joint and to provide
effective relief for intra-articular pain and inflammation.
The emulsion offers the advantage that following intra-
articular administration it is effective for a prolonged pe-
riod of time.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a sterile emulsion comprising a continuous aqueous phase containing hyalur-
onate and a dispersed lipid phase containing a glucocorticoid, such as dexamethasone.
[0002] The invention also relates to the use of such an emulsion in the treatment of inflammatory joint disorders, e.g.
by intra-articularly administrating said emulsion.

BACKROUND OF THE INVENTION

[0003] Arthritis is a form of joint disorder that involves inflammation of one or more joints. There are over 100 different
forms of arthritis. The most common form, osteoarthritis (degenerative joint disease) is a result of trauma to the joint,
infection of the joint, or age. Other arthritis forms are rheumatoid arthritis, psoriatic arthritis, and related autoimmune
diseases. Septic arthritis is caused by joint infection.
[0004] The major complaint by individuals who have arthritis is joint pain. Pain is often a constant and may be localized
to the joint affected. The pain from arthritis occurs due to inflammation that occurs around the joint, damage to the joint
from disease, daily wear and tear of joint, muscle strains caused by forceful movements against stiff, painful joints and
fatigue.
[0005] Most chronic joint disorders such as rheumatoid arthritis, psoriatic arthritis and osteoarthrosis are characterized
by degradation of the structures in articular cartilage. Also acute inflammation of a joint is often accompanied by destruction
of the cartilage, although in most cases this will not develop into the chronically destructive disease. It is not known
which factors are crucial for the acutely inflamed joint to either proceed to healing or develop into the chronic process.
[0006] Presently, the primary method of treating rheumatoid arthritis is by use of orally ingested or otherwise system-
ically administered compounds directed at blocking the inflammatory process. These compounds include aspirin, pen-
icillamine, gold salts, corticosteroids and many other drugs. Unfortunately, these attempts are often unsuccessful or
associated with unacceptable side effects and the relief provided is temporary at best.
[0007] An alternative mode of treatment is to inject anti-inflammatory agents or substances which improve lubrication
between surfaces of the joint directly into the synovial cavity of the afflicted joint, thus minimizing the risk of systemic
complications.
[0008] An example of such an approach is the intra-articular injection of highly viscous or visco-elastic colloids such
as high molecular weight hyaluronate (a natural constituent of the synovial fluid) or its cross-linked derivatives to cushion
and lubricate apposing structures within the synovial cavity. Unfortunately this treatment is not always successful.
[0009] Grecomoro et al. (Curr Med Res Opin. (1992) 13(1): 49-55) report the result of a preliminary open study showing
therapeutic synergism between hyaluronic acid and dexamethasone in the intra-articular treatment of osteoarthritis of
the knee. Patients received a weekly intra-articular injection of 20 mg sodium hyaluronate and 0.4 mg dexamethasone
phosphate in 2 ml phosphate buffer for 5 weeks.
[0010] Ozturk et al. (Thumatol. Int (2006) 26: 314-319) describe the results of study that was carried out to assess the
safety and efficacy of hyaluronate with/without corticosteroid in patients with knee osteoarthritis. In a 1-year, randomized,
single-blind trial, 24 patients were treated with hyaluronate weekly for 3 weeks, then three injections on the 6th month
for a total of six injections. Sixteen patients were treated the same but with the addition of 1 ml triamcinolone acetonide
(Kenacort-A) prior to the first and fourth hyaluronate injection.
[0011] US 2008/044476 describes viscous aqueous formulations useful for intramuscular and intra-articular adminis-
tration. The Examples of this US patent application describe aqueous formulations containing triamcinolone acetonide
(2-4% w/v) and sodium hyaluronate.
[0012] Thakker et al. (Drugs R D (2007) 8: 275-185 describes the outcome of a study that was conducted to determine
whether the retention of celecoxib in inflamed articular joints of arthritic rats could be enhanced by incorporation of the
drug into solid lipid nanoparticles. Celecoxib-loaded solid lipid nanoparticles (SLN) were prepared by emulsification and
highpressure homogenisation. In vitro drug-release studies indicated that the nanoparticles exhibited sustained release
of celecoxib. The biocompatibility of solid lipid nanoparticles was evaluated by histopathology of the rat joints after intra-
articular injection in normal rats. Free celecoxib underwent rapid clearance from the inflamed articular joints into the
systemic circulation, while the celecoxib-loaded SLN were associated with significantly lower blood levels compared
with free celecoxib.

SUMMARY OF THE INVENTION

[0013] The inventors have developed a novel formulation that can suitably be administered intra-articularly to patients
suffering from an inflammatory joint disorder to maintain mobility of the joint and to provide effective relief for intra-articular
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pain and inflammation. The formulation of the present invention is a sterile emulsion comprising 80-99.9 wt.% of a
continuous aqueous phase and 0.01-20 wt.% of a dispersed lipid phase, wherein the emulsion contains 0.1-10% of
hyaluronate by weight of said aqueous phase; and 0.01-50% of a lipophilic glucocorticoid by weight of said lipid phase.
[0014] The emulsion according to the present invention offers the important advantage that following intra-articular
administration it is effective for a significantly longer period of time than the formulations of the prior art.
[0015] Although the inventors do not wish to be bound by theory it is believed that the present emulsion is capable of
reducing the inflamed state for a prolonged period of time. This effect includes a reduction of the flux of synovial fluid.
This reduction can provide for a longer residence time of the injected hyaluronic acid as well as for a prolongation of the
synthesis time of the endogenous hyaluronic acid. As a result, the endogeneous hyaluronic acid will have a higher
molecular weight and exhibit improved lubrication and cushioning action. Thus, the emulsion makes it possible to maintain
the viscosity of the synovial fluid at an acceptable level using intervals between intra-articular administrations that are
substantially longer than those normally used in intra-articular treatment of arthritis with hyaluronate.
[0016] Furthermore, the present emulsion is also very effective when administered only once, e.g. in the treatment of
acute inflammatory joint disorders, such as injury induced arthritis.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Accordingly, one aspect of the invention relates to a sterile emulsion comprising 80-99.9 wt.% of a continuous
aqueous phase and 0.01-20 wt.% of a dispersed lipid phase, wherein the emulsion contains 0.1-10% of hyaluronate by
weight of said aqueous phase; and 0.01-50% of a lipophilic glucocorticoid by weight of said lipid phase.
[0018] The term "hyaluronate" as used herein refers to an anionic, nonsulfated glycosaminoglycan distributed widely
throughout connective, epithelial, and neural tissues. It is unique among glycosaminoglycans in that it is nonsulfated,
forms in the plasma membrane instead of the Golgi, and can be very large, with its molecular weight often reaching the
millions. The average 70 kg person has roughly 15 grams of hyaluronate in the body, one-third of which is turned over
(degraded and synthesized) every day.
[0019] The term "glucocorticoid" as used herein refers to a class of steroid hormones that bind to the glucocorticoid
receptor, which is present in almost every vertebrate animal cell. Glucocorticoids are part of the feedback mechanism
in the immune system that turns immune activity (inflammation) down. They are therefore used in medicine to treat
diseases that are caused by an overactive immune system, such as allergies, asthma, autoimmune diseases and sepsis.
[0020] The terminology "lipophilic glucocorticoid" as used herein refers to a glucortocoid that is readily soluble in
triglyceride oil. Whenever reference is made herein to "% by weight" this should be construed as "% (w/w)".
[0021] Emulsifiers having an HLB of 6 or more are not considered to be part of the lipid phase.
[0022] The lipophilic glucocorticoid of the present invention preferably has a solubility in triolein at 20°C of at least
0.2g/l, more preferably of at least 2 g/l and most preferably of at least 10g/l.
[0023] The lipophilic glucocorticoid typically has a water solubility of less than 2 g/l, more preferably of less than 1,5
g/l and most preferably of less than 1 g/l at 37°C.
[0024] Examples of lipophilic glucocorticoids that may suitably be used in the present emulsion include dexamethasone,
betamethasone, triamcinolone, methylprednisolone, prednisone, hydrocortisone, cortisone and combinations thereof.
Preferably, the glucorticoid is selected from dexamethasone, triamcinolone and combinations thereof. Most preferably,
the glucocorticoid is dexamethasone.
[0025] The amount of glucorticoid in the present emulsion preferably lies within the range of 0.01-10 %, more preferably
0.02-5 % and most preferably 0.03-3 % by weight of the lipid phase. Expressed differently, the emulsion typically contains
the glucorticoid in a concentration of 0.001-0.1%, more preferably of 0.003-0.08% and most preferably of 0.005-0.05%
by weight of the total emulsion.
[0026] In accordance with a particularly preferred embodiment, the sterile emulsion contains the glucocorticoid in an
amount that is equivalent to 0.01-1 mg/ml of dexamethasone, more preferably 0.03-0.8 mg/ml and most preferably
0.05-0.5 mg/ml of dexamethasone.
[0027] The dispersed lipid phase typically represents 0.5-20 wt.% of the present emulsion. More preferably, said lipid
phase represents 1-18 wt.%, most preferably 1.5-15 wt.% of the emulsion.
[0028] The continuous aqueous phase and the dispersed lipid phase of the present emulsion together typically rep-
resent at least 99.5 wt.%, most preferably 100 wt.% of the emulsion.
[0029] The lipid phase of the sterile emulsion preferably contains at least 60 wt.%, more preferably at least 80 wt.%
of one or more lipid components selected from triglycerides, diglycerides, monoglycerides, fatty acids, paraffin, mineral
oils and combinations thereof. The aforementioned one or more lipid components are preferably selected from triglyc-
erides, diglycerides, monoglycerides, fatty acids and combinations thereof.
[0030] In order to achieve a truly prolonged effect of intra-articular treatment with the present emulsion it is advisable
that the one or more lipid components employed in the lipid phase have a combined melting point of at least 40°C,
preferably of at least 45 °C. Typically, said one or more lipid components have a solid lipid content of at least 30 wt.%,
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more preferably of at least 40 wt.% at 37°C.
[0031] The prolonged effect of intra-articular treatment with the present emulsion may be extended by using a lipid
phase consisting of relatively coarse droplets of lipid. Advantageously, the lipid phase has a volume weighted average
droplet size of 3-50 mm. More preferably, the lipid phase has a volume weighted average droplet size of 5-40 mm, most
preferably of 10-30 mm.
[0032] The lipid phase contained in the present emulsion preferably has a relatively narrow droplet size distribution.
Accordingly, it is preferred that at least 80 wt.% of the lipid phase has a droplets size in the range of 3-50 mm, more
preferably of 10-40 mm and most preferably of 10-30 mm.
[0033] In order to ensure that the emulsion remains stable during storage, the present emulsion advantageously
contains 1-200 mg/m/, more preferably 3-100 mg/ml, most preferably 5-50 mg/ml of an emulsifier having an HLB value
of at least 8, more preferably of at least 10, most preferably of at least 12.
[0034] Examples of emulsifiers that may suitably be employed in the present emulsion include polysorbate, polyeth-
ylene glycol and combination thereof. More preferably, the emulsifier employed in the present emulsion is polysorbate.
Most preferably the emulsifier is selected from polysorbates comprising 15-90, preferably 20-80 oxyethylene
-(CH2CH2O)-groups in the molecule.
[0035] The amount of hyaluronate contained in the present the emulsion preferably lies in the range of 0.02-5.0%,
more preferably of 0.1-0.5% by weight of the aqueous phase.
[0036] The hyaluronate typically has a molecular weight in the range of 0.1-10 MDa. Most preferably, the hyaluronate
has a molecular weight in the range of 0.5-7 MDa.
[0037] The emulsion of the present invention preferably is isotonic, having an osmolality of 200-350 mOsm/l.
[0038] It is further preferred that the emulsion has a viscosity of 10-10,000 cP at 37°C at a shear rate of 10 s-1. Even
more preferably the latter viscosity is at least 100 cP, most preferably at least 1,000 cP.
[0039] Another aspect of the invention relates to the use of the sterile emulsion as defined herein before in the treatment
of inflammatory joint disorder in mammals, especially humans. Examples of inflammatory joint disorder that may suitably
be treated with the present emulsion include rheumatoid arthritis, osteoarthritis and injury induced arthritis.
[0040] In accordance with a particularly preferred embodiment, the treatment of the inflammatory joint disorder com-
prises intra-articular administration of the sterile emulsion by injection. Most preferably, said treatment comprises ad-
ministration of the emulsion to a knee.
[0041] The present invention offers the advantage that in the treatment of chronic inflammatory joint disorders the
duration of the interval between different intra-articular administrations can be relatively long. Accordingly, it is preferred
that in the present treatment the emulsion is administered at intervals of at least 7 days, more preferably of at least 10
days and most preferably of 15-30 days.
[0042] The present invention also provides an improved method for the treatment of an acute inflammatory joint
disorder, e.g. treatment of injury induced arthritis, wherein the treatment comprises one time intra-articular administration
of the present emulsion.
[0043] The treatment of inflammatory joint disorders in accordance with the present invention typically comprises
administration of the sterile emulsion in a dose of 0.25-5 ml, most preferably of 1-3 ml.
[0044] The dose in which the sterile emulsion is administered in accordance with the present treatment preferably
delivers 10-2,000 mg, more preferably 500-1,000 mg of glucocorticoid.
[0045] Expressed differently, the sterile emulsion is preferably administered in a dose that is equivalent to 10-2,000
mg dexamethasone, more preferably 500-1,000 mg dexamethasone.
[0046] The invention is further illustrated by means of the following non-limiting examples.

EXAMPLES

Example 1

[0047] Emulsions were prepared on the basis of the formulations shown in Table 1.

Table 1

1 2 3 Control

Tween 20 16.0 16.0 16.0 16.0

Myglyol® 812 # 10.0

Witepsol® H15 $ 10.0

Decanoic acid 10.0
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[0048] The emulsions (25 ml) were prepared by:

1) dissolving dexamethasone in the lipid phase component,
2) adding Tween 20 to the hyaluronate solution,
3) adding the lipid phase component with dexamethasone to the hyaluronate solution,
4) setting a temperature of 50 °C,
5) mixing the components with an Ultra-Turrax® for 60 seconds,
6) cooling the emulsion down to 20 °C while turraxing.

[0049] The volume weighted diameter of the dispersed lipid phase of Emulsions 1-3 was found to be approximately
20 mm.
[0050] The release characteristics of these emulsions were tested using the following procedure: 2 ml of the described
formulations are brought into a dialysis tube. These dialysis tubes are suspended into closable tubes filled with 25 ml
simulated body fluid (SBF) buffered at pH 7.0. These tubes are kept at 37 °C. Each 48 hours this fluid is sampled for
analysis and refreshed with new SBF. The results obtained from these tests are summarized in Table 2.

Claims

1. A sterile emulsion comprising 80-99.9 wt.% of a continuous aqueous phase; and 0.01-20 wt.% of a dispersed lipid
phase, wherein the emulsion contains 0.1-10% of hyaluronate by weight of said aqueous phase; and 0.01-50% of
lipophilic glucocorticoid by weight of said lipid phase.

2. Sterile emulsion according to claim 1, wherein the glucocorticoid is selected from dexamethasone, betamethasone,
triamcinolone, methylprednisolone, prednisone, hydrocortisone, cortisone and combinations thereof.

3. Sterile emulsion according to claim 1 or 2, wherein the sterile emulsion contains the glucocorticoid in an amount
that is equivalent to 0.1-10 mg/ml of dexamethasone.

4. Sterile emulsion according to any one of the preceding claims, wherein the one or more lipid components have a
combined melting point of at least 40°C.

5. Sterile emulsion according to any one of the preceding claims, wherein the lipid phase has a volume weighted
average droplet size of 3-50 mm.

6. Sterile emulsion according to any one of the preceding claims, wherein the continuous aqueous phase and the
dispersed lipid phase together represent at least 99.5 wt.%, most preferably 100 wt.% of the emulsion.

(continued)

1 2 3 Control

Dexamethasone 0.01 0.01 0.01 0.01

Hynoval * Remainder

# Caprylic/Capric Triglyceride (Sasol Germany GmbH)
$ Hydrogenated coconut oil, melting point 635°C (Sasol Germany GmbH)
* A sterile, solution (10 mg/ml) of high MW sodium hyaluronate (Synovamed AG)

Table 2

Emulsion Dexamethasone conc. <0.01 mg/ml after

1 9 days

2 a 10 days

3 8-9 days

Control < 6 days
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7. Sterile emulsion according to any one of the preceding claims, wherein the emulsion contains 1-200 mg/ml of an
emulsifier having an HLB value of at least 6.

8. Sterile emulsion according to any one of the preceding claims, wherein the emulsion contains 0.02-5.0% of hyalur-
onate by weight of the aqueous phase.

9. Sterile emulsion according to any one of the preceding claims, wherein the hyaluronate has a molecular weight in
the range of 0.1-10 MDa.

10. Sterile emulsion according to any one of the preceding claims, wherein the emulsion has a viscosity of 10-10,000
cP at 37°C at a shear rate of 10 s-1.

11. Sterile emulsion according to any one of the preceding claims for use in the treatment of inflammatory joint disorder
in mammals.

12. Sterile emulsion according to claim 11, wherein the inflammatory joint disorder is selected from rheumatoid arthritis,
osteoarthritis and injury induced arthritis.

13. Sterile emulsion according to claim 10 or 11, wherein the sterile emulsion is administered intra-articularly.

14. Sterile emulsion according to claim 13, wherein the emulsion is administered at intervals of at least 7 days.

15. Sterile emulsion according to any one of claims 11-14, wherein the emulsion is administered in a dose that is
equivalent to 500-2,000 mg dexamethasone.
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